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TRIGGERED TREATMENT SYSTEMS AND target volume moves outside of a predetermined volume of 
METHODS interest . Furthermore , treatment gating may increase the 

treatment time considerably , because the treatment beam 
BACKGROUND may be held off for large periods of the breathing cycle . Note 

5 that abdominal compression is often poorly tolerated by 
The use of radiation therapy to treat cancer is well known . most patients , as it places patients in a great deal of 

Typically , radiation therapy involves directing a beam of discomfort and can limit critical functions associated with 
high energy proton , photon , ion , or electron radiation normal organ motion , such as breathing or bowel motion . 
( “ therapeutic radiation ” ) into a target or target volume ( e . g . , 
a tumor or lesion ) in a patient . 10 SUMMARY 

Before a patient is treated with radiation , a treatment plan 
specific to that patient is developed . The plan defines various Various embodiments in accordance with the present 
aspects of the therapy using simulations and optimizations disclosure can address the disadvantages described above . 
based on past experiences . In general , the purpose of the In various embodiments , the present disclosure provides 
treatment plan is to deliver sufficient radiation to the target 15 a triggered treatment which is a new paradigm of Image 
while minimizing exposure of surrounding normal , healthy Guided Radiation Therapy that nearly eliminates organ 
tissue to the radiation . motion during radiation delivery . In various embodiments , 

The planner ' s goal is to find a solution that is optimal with by delivering the entire treatment from each beam in a flash 
respect to multiple clinical goals that may be contradictory lasting a short period of time ( e . g . , a fraction of a second ) , 
in the sense that an improvement toward one goal may have 20 target and organ motion is relatively “ frozen ” in 3D ( three 
a detrimental effect on reaching another goal . For example , dimensional ) space and treatment uncertainty caused by 
a treatment plan that spares the liver from receiving a dose motion is minimized . A method in accordance with various 
of radiation may result in the stomach receiving too much embodiments involves monitoring motion of the target vol 
radiation . These types of tradeoffs lead to an iterative ume of a patient before treatment , and selecting the appro 
process in which the planner creates different plans to find 25 priate time to trigger the flash of treatment . For each beam 
the one plan that is best suited to achieving the desired orientation , a region of interest can be monitored in real - time 
outcome . fluoroscopic projections through the patient . A single or 

A recent radiobiology study has demonstrated the effec - multiple simultaneous fluoroscopic images can localize the 
tiveness of delivering an entire , relatively high therapeutic target in three dimensions as it moves within the patient . 
radiation dose to a target within a single , short period of 30 When the target position matches its location within a 
time . This type of treatment is referred to generally herein as pre - treatment simulation ( e . g . , CT ( computed tomography ) , 
FLASH radiation therapy ( FLASH RT ) . Evidence to date MRI ( magnetic resonance imaging ) , or any medical imag 
suggests that FLASH RT advantageously spares normal , ing ) , the triggered treatment can be delivered precisely to the 
healthy tissue from damage when that tissue is exposed to target in a nearly instantaneous flash . 
only a single irradiation for only a very short period of time . 35 In various embodiments , the triggered treatment of the 
FLASH RT thus introduces important constraints that are present disclosure can include monitoring patient motion in 
not considered in or achieved with conventional radiation real - time using fluoroscopic imaging ( or alternate methods ) , 
treatment planning . which allows the patient to breathe freely or to hold their 

Typically for radiation therapy treatment , a patient first breath if indicated . In addition , this preserves patient com 
receives a CT ( computed tomography ) scan used to simulate 40 fort , ultimately making the patient experience more positive . 
the patient ' s treatment . A simulated treatment plan defines Furthermore , it is noted that treatment margins that account 
beam orientations and corresponding particle fluences to for motion uncertainty can be markedly reduced due to the 
generate a 3D ( three - dimensional ) dose distribution that best ultra - short triggered treatment flash , meaning that substan 
achieves the physician ' s prescription and / or intent . Once the tially less healthy tissue is irradiated , which should result in 
treatment plan has been defined , treatment can commence . It 45 less side - effects and late toxicities resulting from the treat 
is noted that treatment uncertainties result from differences ment . 
in the patient appearance at each treatment fraction com - In various embodiments , the triggered treatment of the 
pared to the CT simulation from which the treatment plan present disclosure can include monitoring the patient surface 
was derived . In addition , organ motion related to gross continuously and triggering a sequence of radiographic 
patient movement , breathing , heart function , and variable 50 images to be acquired to confirm the position of the target 
organ filling further compounds the treatment uncertainty . before triggering the treatment . 
Various techniques are currently employed to manage organ In various embodiments , the triggered treatment of the 
motion in order to minimize the difference between the present disclosure can include any method of continuously 
planned and delivered dose to the patient , including : breath tracking patient motion and / or breathing combined with 
holding , treatment gating , or abdominal compression . Each 55 some form of visualizing internal anatomy , fiducial markers , 
of these techniques has associated benefits and drawbacks , or surrogates of internal anatomy . 
but all are designed to manage motion when treatment In various embodiments , the triggered treatment of the 
delivery time is over several minutes and may last as long as present disclosure can be implemented with any particle or 
60 minutes . wave radiation delivered at FLASH dose rates ( e . g . , greater 

For example , one of the disadvantages of breath holding 60 than 40 Gy ( grays ) / second ) , but is not limited to such . 
is that many patients do not have lung function to hold their In various embodiments , in accordance with the present 
breath for more than a few seconds ; therefore , precluding disclosure , it is noted that fluoroscopy ( e . g . , ionizing radia 
them from holding their breath for the duration of an entire tion ) dose can be used with standard dose rates to reconstruct 
treatment field . It is noted that one of the disadvantages dose for inter - fractional dose tracking . 
associated with treatment gating is that it requires continu - 65 In various embodiments , a radiation therapy method can 
ous monitoring of the patient during relatively lengthy include loading a planning image of a target in a human . In 
treatments , and turning the treatment beam off whenever the addition , a four - dimensional ( 4D ) real - time video image can 
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be generated of the target . A computation can be made of an trated by way of example and not by way of limitation . It is 
occurrence of substantial alignment between the target of the noted that like reference numerals denote similar elements 
4D real - time video image and the target of the planning throughout the drawings . 
image . Furthermore , after the computing , a beam of radia FIG . 1 is a block diagram of an example of a computing 
tion is triggered to deliver a dosage to the target in a short 5 system upon which various embodiments described herein 
period of time ( e . g . , less than a second ) . may be implemented in accordance with various embodi 

In various embodiments , a radiation therapy method can ments of the present disclosure . 
include loading a planning image of a target in a human . FIG . 2 is a block diagram illustrating an example of an 
Moreover , a 4D real - time video image can be generated of automated radiation therapy treatment planning system in 
the target . A mapping can be performed of the target in both arget in both 10 accordance with various embodiments of the present disclo 
the 4D real - time video image and the planning image . A sure . 

computation can be made of an occurrence of substantial FIG . 3 illustrates a knowledge - based planning system in 
accordance with various embodiments of the present disclo alignment between the target of the 4D real - time video sure . image and the target of the planning image . Additionally , Y 15 FIG . 4A is a block diagram showing selected components after the computing , a beam of radiation is triggered to of a radiation therapy system upon which various embodi deliver a fraction of a dosage to the target in a short period ments can be implemented in accordance with various 

of time ( e . g . , less than a second ) . embodiments of the present disclosure . 
In various embodiments , a radiation therapy method can FIG . 4B is a block diagram illustrating a non - coplanar 

include loading a planning image of a target in a human . A 20 arrangement of a gantry and nozzle relative to a patient 
4D real - time video image can be generated of the target . In support device in accordance with various embodiments of 
addition , a computation can be made of an occurrence of the present disclosure . 
substantial alignment between the target of the 4D real - time FIG . 4C is a block diagram illustrating a coplanar arrange 
video image and the target of the planning image . After the ment of a gantry and nozzle relative to a patient support 
computing , a beam of radiation is triggered to deliver a 25 device in accordance with various embodiments of the 
dosage to the target in a short period of time ( e . g . , less than present disclosure . 
a second ) . Moreover , after the triggering , quality assurance FIG . 4D is a block diagram illustrating movement of a 
is performed utilizing imaging information associated with gantry and nozzle around a patient support device in accor 
the 4D real - time video image . dance with various embodiments of the present disclosure . 

In various embodiments , a radiation therapy method can 30 thod can 30 FIG . 5 is a flow diagram of a method in accordance with 
include loading a planning image of a target in a human . In various embodiments of the present disclosure . 
addition , the position of the target can be monitored . A FIG . 6 illustrates a visual representation in accordance 
computation can be made of an occurrence of substantial with various embodiments of the present disclosure . 

FIG . 7 is a flow diagram of a method in accordance with alignment between the position of the target and the target 35 35 various embodiments of the present disclosure . of the planning image . Furthermore , after the computing , a 
beam of radiation is triggered to deliver a dosage to the DETAILED DESCRIPTION 
target in less than a second . 

In various embodiments , a radiation therapy method can Reference will now be made in detail to various embodi 
include loading a planning image of a target in a human . 40 ments in accordance with the present disclosure , examples 
Moreover , the position of the target can be monitored . A of which are illustrated in the accompanying drawings . 
mapping can be performed of the target in both the moni - While described in conjunction with various embodiments , 
toring and the planning image . A computation can be made it will be understood that these various embodiments are not 
of an occurrence of substantial alignment between the intended to limit the present disclosure . On the contrary , the 
position of the target and the target of the planning image . 45 present disclosure is intended to cover alternatives , modifi 
Additionally , after the computing , a beam of radiation is cations and equivalents , which may be included within the 
triggered to deliver a fraction of a dosage to the target in less scope of the present disclosure as construed according to the 
than a second . Claims . Furthermore , in the following detailed description 

In various embodiments , a radiation therapy method can of various embodiments in accordance with the present 
include loading a planning image of a target in a human . The 50 disclosure , numerous specific details are set forth in order to 
position of the target can be monitored . In addition , a provide a thorough understanding of the present disclosure . 
computation can be made of an occurrence of substantial However , it will be evident to one of ordinary skill in the art 
alignment between the position of the target and the target that the present disclosure may be practiced without these 
of the planning image . After the computing , a beam of specific details or with equivalents thereof . In other 
radiation is triggered to deliver a dosage to the target in less 55 instances , well known methods , procedures , components , 
than a second . Moreover , after the triggering , quality assur - and circuits have not been described in detail as not to 
ance is performed utilizing information associated with the unnecessarily obscure aspects of the present disclosure . 
monitoring Some portions of the detailed descriptions that follow are 

While various embodiments in accordance with the pres - presented in terms of procedures , logic blocks , processing , 
ent disclosure have been specifically described within this 60 and other symbolic representations of operations on data bits 
Summary , it is noted that the claimed subject matter are not within a computer memory . These descriptions and repre 
limited in any way by these various embodiments . sentations are the means used by those skilled in the data 

processing arts to most effectively convey the substance of 
BRIEF DESCRIPTION OF THE DRAWINGS their work to others skilled in the art . In the present 

65 application , a procedure , logic block , process , or the like , is 
Within the accompanying drawings , various embodi - conceived to be a self - consistent sequence of steps or 

ments in accordance with the present disclosure are illus instructions leading to a desired result . The steps are those 
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utilizing physical manipulations of physical quantities . Usu - quency ( RF ) , infrared and other wireless media . Combina 
ally , although not necessarily , these quantities take the form tions of any of the above can also be included within the 
of electrical or magnetic signals capable of being stored , scope of computer - readable media . 
transferred , combined , compared , and otherwise manipu - FIG . 1 shows a block diagram of an example of a 
lated in a computing system . It has proven convenient at 5 computing system 100 upon which various embodiments 
times , principally for reasons of common usage , to refer to described herein may be implemented in accordance with 
these signals as transactions , bits , values , elements , symbols , various embodiments of the present disclosure . In its most 
characters , samples , pixels , or the like . basic configuration , the system 100 includes at least one 

It should be borne in mind , however , that all of these and processing unit 102 and memory 104 . This most basic 
similar terms are to be associated with the appropriate 10 configuration is illustrated in FIG . 1 by dashed line 106 . The 
physical quantities and are merely convenient labels applied system 100 may also have additional features and / or func 
to these quantities . Unless specifically stated otherwise as t ionality . For example , the system 100 may also include 
apparent from the following discussions , it is appreciated additional storage ( removable and / or non - removable ) 
that throughout the present disclosure , discussions utilizing including , but not limited to , magnetic or optical disks or 
terms such as determining , " " accessing , " " directing , " " con - 15 tape . Such additional storage is illustrated in FIG . 1 by 
trolling , " " defining , " " arranging , " " generating , " " acquir - removable storage 108 and non - removable storage 120 . The 
ing , ” “ triggering ” , “ computing ” , “ loading ” or the like , refer system 100 may also contain communications connection ( s ) 
to actions and processes of a computing system or similar 122 that allow the device to communicate with other 
electronic computing device or processor ( e . g . , the comput devices , e . g . , in a networked environment using logical 
ing system 100 of FIG . 1 ) . The computing system or similar 20 connections to one or more remote computers . 
electronic computing device manipulates and transforms The system 100 also includes input device ( s ) 124 such as 
data represented as physical ( electronic ) quantities within keyboard , mouse , pen , voice input device , touch input 
the computing system memories , registers or other such device , etc . Output device ( s ) 126 such as a display device , 
information storage , transmission or display devices . Terms speakers , printer , etc . , are also included . 
such as " dose ” or “ fluence " generally refer to a dose or 25 In the example of FIG . 1 , the memory 104 includes 
fluence value ; the use of such terms will be clear from the computer - readable instructions , data structures , program 
context of the surrounding discussion . modules , and the like associated with an “ optimizer ” model 

Portions of the detailed description that follows are pre - 150 . However , the optimizer model 150 may instead reside 
sented and discussed in terms of a method . Although steps in any one of the computer storage media used by the system 
and sequencing thereof are disclosed in figures herein 30 100 , or may be distributed over some combination of the 
describing the operations of this method , such steps and computer storage media , or may be distributed over some 
sequencing are exemplary . Any method is well suited to combination of networked computers . The functionality of 
performing various other steps or variations of the steps the optimizer model 150 is described below . 
recited in the flowchart of the figure herein , and in a It is noted that the computing system 100 may not include 
sequence other than that depicted and described herein . 35 all of the elements illustrated by FIG . 1 . In addition , the 

Various embodiments described herein may be discussed computing system 100 can be implemented to include one or 
in the general context of computer - executable instructions more elements not illustrated by FIG . 1 . It is pointed out that 
residing on some form of computer - readable storage the computing system 100 can be utilized or implemented in 
medium , such as program modules , executed by one or more any manner similar to that described and / or shown by the 
computers or other devices . By way of example , and not 40 present disclosure , but is not limited to such . 
limitation , computer - readable storage media may comprise FIG . 2 is a block diagram illustrating an example of an 
non - transitory computer storage media and communication automated radiation therapy treatment planning system 200 
media . Generally , program modules include routines , pro - in accordance with various embodiments of the present 
grams , objects , components , data structures , etc . , that per - disclosure . The system 200 includes an input interface 210 
form particular tasks or implement particular abstract data 45 to receive patient - specific information ( data ) 201 , a data 
types . The functionality of the program modules may be processing component 220 that implements the optimizer 
combined or distributed as desired in various embodiments . model 150 , and an output interface 230 . The system 200 in 

Computer storage media includes volatile and nonvola - whole or in part may be implemented as a software program , 
tile , removable and non - removable media implemented in hardware logic , or a combination thereof on / using the com 
any method or technology for storage of information such as 50 puting system 100 ( FIG . 1 ) . 
computer - readable instructions , data structures , program In the example of FIG . 2 , the patient - specific information 
modules or other data . Computer storage media includes , but is provided to and processed by the optimizer model 150 . 
is not limited to , random access memory ( RAM ) , read only The optimizer model 150 yields a prediction result . A 
memory ( ROM ) , electrically erasable programmable ROM treatment plan based on the prediction result can then be 
( EEPROM ) , flash memory or other memory technology , 55 generated . 
compact disk ROM ( CD - ROM ) , digital versatile disks Note that the system 200 may not include all of the 
( DVDs ) or other optical storage , magnetic cassettes , mag - elements illustrated by FIG . 2 . Furthermore , the system 200 
netic tape , magnetic disk storage or other magnetic storage can be implemented to include one or more elements not 
devices , or any other medium that can be used to store the illustrated by FIG . 2 . It is pointed out that the system 200 can 
desired information and that can be accessed to retrieve that 60 be utilized or implemented in any manner similar to that 
information . described and / or shown by the present disclosure , but is not 

Communication media can embody computer - executable limited to such . 
instructions , data structures , and program modules , and FIG . 3 illustrates a knowledge - based planning system 300 
includes any information delivery media . By way of in accordance with various embodiments of the present 
example , and not limitation , communication media includes 65 disclosure . In the example of FIG . 3 , the system 300 
wired media such as a wired network or direct - wired con - includes a knowledge base 302 and a treatment planning tool 
nection , and wireless media such as acoustic , radio fre set 310 . The knowledge base 302 includes patient records 
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304 ( e . g . , radiation treatment plans ) , treatment types 306 , Within FIG . 4A , the accelerator and beam transport 
and statistical models 308 . The treatment planning tool set system 404 includes components ( e . g . , dipole magnets , also 
310 in the example of FIG . 3 includes a current patient known as bending magnets ) that direct ( e . g . , bend , steer , or 
record 312 , a treatment type 314 , a medical image process - guide ) the beam through the accelerator and beam transport 
ing module 316 , the optimizer model ( module ) 150 , a dose 5 system in a direction toward and into the nozzle 406 . The 
distribution module 320 , and a final radiation treatment plan accelerator and beam transport system 404 may also include 
322 . one or more multileaf collimators ( MLCs ) ; each MLC leaf 

The treatment planning tool set 310 searches through the can be independently moved back - and - forth by the control 
knowledge base 302 ( through the patient records 304 ) for system 410 to dynamically shape an aperture through which 
prior patient records that are similar to the current patient 10 the beam can pass , to block or not block portions of the beam 
record 312 . The statistical models 308 can be used to and thereby control beam shape and exposure time . The 

accelerator and beam transport system 404 may also include compare the predicted results for the current patient record components that are used to adjust the beam energy entering 312 to a statistical patient . Using the current patient record the nozzle 406 so that it is different from the beam energy 
312 , a selected treatment type 306 , and selected statistical 15 extracted from the accelerator . In various embodiments , sets 
models 308 , the tool set 310 generates a radiation treatment of quadrupole magnets are located along the beam paths in 
plan 322 . the accelerator and beam transport system 404 . 
More specifically , in FIG . 3 , based on past clinical expe In various embodiments , it is noted that the accelerator 

rience , when a patient presents with a particular diagnosis , and beam transport system 404 of the therapy system 400 
stage , age , weight , sex , co - morbidities , etc . , there can be a 20 can be implemented to produce any type of particle beam . 
treatment type that is used most often . By selecting the For example , in various embodiments , the accelerator and 
treatment type that the planner has used in the past for beam transport system 404 can be implemented to produce 
similar patients , a first - step treatment type 314 can be any type of charged particle beam or non - charged particle 
chosen . The medical image processing module 316 provides beam . It is noted that in various embodiments the accelerator 
automatic contouring and automatic segmentation of two - 25 and beam transport system 404 can produce a particle beam 
dimensional cross - sectional slides ( e . g . , from computed of , but not limited to , electrons , protons , photons , carbon , 
tomography ( CT ) , magnetic resonance imaging ( MRI ) , or carbon ions , neutrons , helium , alpha particles , oxygen , 
other medical imaging ) to form a three - dimensional ( 3D ) helium nuclei , or X - rays . In addition , in various embodi 
image using the medical images in the current patient record ments , the accelerator and beam transport system 404 can be 
312 . Dose distribution maps are calculated by the dose 30 implemented to produce an ultra - sound output . 
distribution module 320 , which may utilize the optimizer The nozzle 406 is used to aim the beam toward various 
model 150 . locations ( a target ) within an object ( e . g . , a patient ) sup 

In various embodiments according to the present disclo ported on the patient support device 408 ( e . g . , a chair or 
sure , the optimizer model 150 uses a dose prediction model table ) in a treatment room . A target may be an organ , a 
to help shape the dose distribution . The optimizer model 150 35 portion of an organ ( e . g . , a volume or region within the 
can provide , for example , a 3D dose distribution , fluences , organ ) , a tumor , diseased tissue , or a patient outline . In 
and associated dose - volume histograms for the current various embodiments , the nozzle 406 also includes compo 
patient . nents ( e . g . , X - Y scanning magnets ) that steer ( e . g . , guide , 

It is pointed out that the system 300 may not include all deflect , or scan ) the beam particles in the X and Y directions , 
of the elements illustrated by FIG . 3 . Moreover , the system 40 to scan a target in a patient on the patient support device 408 . 
300 can be implemented to include one or more elements not Within FIG . 4A , the nozzle 406 may be mounted on or a 
illustrated by FIG . 3 . Note that the system 300 can be part of a gantry ( e . g . , FIGS . 4B , 4C , and 4D ) that can be 
utilized or implemented in any manner similar to that moved relative to the patient support device 408 , which may 
described and / or shown by the present disclosure , but is not also be moveable . In various embodiments , the accelerator 
limited to such . 45 and beam transport system 404 is also mounted on or is a 

FIG . 4A is a block diagram showing selected components part of the gantry ; in various embodiments , the accelerator 
of a radiation therapy system 400 upon which various and beam transport system is separate from ( but in commu 
embodiments can be implemented in accordance with vari - nication with ) the gantry . 
ous embodiments of the present disclosure . In the example The control system 410 of FIG . 4A receives and imple 
of FIG . 4A , the system 400 includes an accelerator and beam 50 ments a prescribed treatment plan . In various embodiments , 
transport system 404 and a nozzle 406 . the control system 410 includes a computer system having 

The accelerator and beam transport system 404 generates a processor , memory , an input device ( e . g . , a keyboard ) , and 
and accelerates a beam of charged particles , such as elec - perhaps a display in well - known fashion . The control system 
trons , protons , and ions ( e . g . , heavy ions ) , and contains the 410 can receive data regarding operation of the system 400 . 
particles in a well - defined beam . In various embodiments , 55 The control system 410 can control parameters of the 
the accelerator is an isochronous cyclotron capable of con - accelerator and beam transport system 404 , nozzle 406 , and 
tinuous wave output . The accelerator ( e . g . , the cyclotron ) patient support device 408 , including parameters such as the 
extracts particles with a specified energy . This provides a energy , intensity , direction , size , and / or shape of the beam , 
high , continuous wave beam current for the high dose rate according to data it receives and according to the prescribed 
per shot . Other types of radio frequency accelerators can be 60 treatment plan . 
used , such as a pulsed proton accelerator such as a synch - As noted above , the particles entering the nozzle 406 have 
rocyclotron , a synchrotron , a coupled cavity linear accelera - a specified energy . Thus , in various embodiments according 
tor in addition to non - radio frequency accelerators , such as to the present disclosure , the nozzle 406 includes one or 
constant field , and laser - based accelerators . The accelerator more components that affect ( e . g . , decrease , modulate ) the 
( e . g . , cyclotron ) can be a lower power output cyclotron , such 65 energy , intensity , or both energy and intensity of the particles 
as a cyclotron that accelerates particles to the range of in the beam . The term “ beam modulator " is used herein as 
70 - 300 million electron volts ( MeVs ) . a general term for a component or components that affect the 

en 
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energy , intensity , or both energy and intensity of the particles At operation 502 , simulate a patient ' s treatment . Note that 
in the beam , in order to control the range of the beam ( e . g . , operation 502 can be implemented in a wide variety of ways . 
the extent that the beam penetrates into a target ) and / or to For example , in various embodiments , operation 502 can 
control the depth dose curve of the beam ( e . g . , the location include the patient receiving a scan ( e . g . , CT ( computed 
of the maximal dose value in the target ) . In various embodi - 5 tomography ) , MRI ( magnetic resonance imaging ) , or other 
ments , the beam modulator 407 includes a range modulator , medical imaging ) of one or more target volumes used to 
a range shifter , an intensity modulator , or any combination simulate the patient ' s treatment . In various embodiments , 

the scan ( s ) at operation 502 can be referred to as a planning thereof ( e . g . , a range modulator and a range shifter , a range 
and intensity modulator , etc . ) . That is , when the term “ beam image ( s ) and can be loaded into one or more computing 
modulator ” is used , then the element being discussed may be he 10 system memory devices . It is noted that operation 502 can 

be implemented in any manner similar to that described a range modulator , an intensity modulator , a range shifter , or and / or shown by the present disclosure , but is not limited to both a range modulator and a range shifter , or a range and such . intensity modulator , or intensity modulator , or intensity At operation 504 of FIG . 5 , a patient is setup within a modulator and range shifter . Examples of beam modulators 15 triggered radiation therapy FS 15 triggered radiation therapy treatment system . It is noted that are disclosed in the co - pending patent application , U . S . operation 504 can be implemented in a wide variety of ways . 
application Ser . No . 15 / 089 , 330 , entitled “ Radiation For example , in various embodiments , the patient setup at 
Therapy Systems and Methods ” ( as - filed ) ; however , the operation 504 may employ less rigid patient positioning 
present disclosure is not so limited . techniques such as the patient laying on a couch or being 
Note that the system 400 may not include all of the 20 seated in a chair that are frameless and / or maskless . Note 

elements illustrated by FIG . 4A . In addition , the system 400 that operation 504 can be implemented in any manner 
can be implemented to include one or more elements not similar to that described and / or shown by the present dis 
illustrated by FIG . 4A . It is pointed out that the system 400 closure , but is not limited to such . 
can be utilized or implemented in any manner similar to that At operation 506 , an image ( e . g . , static or non - static ) is 
described and / or shown by the present disclosure , but is not 25 loaded of at least one target volume of the patient . Note that 
limited to such . operation 506 can be implemented in a wide variety of ways . 

FIG . 4B is a block diagram illustrating a non - coplanar For example , the image can be loaded at operation 506 by 
arrangement of a gantry 420 and nozzle 406 relative to a utilizing a cone beam computed tomography ( CBCT ) scan , 
patient support device 408 in accordance with various an MRI scan , or any other medical imaging scan of the 
embodiments of the present disclosure . FIG . 4C is a block 30 patient , but is not limited to such . Operation 506 can be 
diagram illustrating a coplanar arrangement of a gantry 420 implemented in any manner similar to that described and / or 
and nozzle 406 relative to a patient support device 408 in shown by the present disclosure , but is not limited to such . 
accordance with various embodiments of the present disclo - At operation 508 of FIG . 5 , based on the loaded image , the 
sure . FIG . 4D is a block diagram illustrating movement of patient may be shifted or moved in order to align the patient 
the gantry 420 and nozzle 406 around the patient support 35 to the ideal target orientation of a planning image used to 
device 408 in accordance with various embodiments of the simulate the patient ' s treatment . It is noted that operation 
present disclosure . This movement can occur in either the 508 can be implemented in a wide variety of ways . For 
non - coplanar arrangement or the coplanar arrangement . example , using the loaded image , the couch or chair that the 

FIG . 5 is a flow diagram of a method 500 for performing patient is on or in can be 3D shifted at operation 508 in order 
triggered radiation therapy treatment in accordance with 40 to align the patient with the planning image ( e . g . , CT , MRI , 
various embodiments of the present disclosure . Although or other medical imaging ) used to simulate the patient ' s 
specific operations are disclosed in FIG . 5 , such operations treatment , but is not limited to such . Note that operation 508 
are examples . The method 500 may not include all of the can be implemented in any manner similar to that described 
operations illustrated by FIG . 5 . Also , method 500 may and / or shown by the present disclosure , but is not limited to 
include various other operations and / or variations of the 45 such . 
operations shown . Likewise , the sequence of the operations At operation 510 , treatment of the patient begins with 
of flow diagram 500 can be modified . It is appreciated that real - time fluoroscopic imaging . Note that operation 510 can 
not all of the operations in flow diagram 500 may be be implemented in a wide variety of ways . For example , a 
performed . In various embodiments , one or more of the four dimensional ( 4D ) cone beam can be generated at 
operations of method 500 can be controlled or managed by 50 operation 510 thereby resulting in a real - time video feed . It 
software , by firmware , by hardware or by any combination is noted that operation 510 can be implemented in any 
thereof , but is not limited to such . Method 500 can include manner similar to that described and / or shown by the present 
processes of various embodiments of the present disclosure disclosure , but is not limited to such . 
which can be controlled or managed by a processor ( s ) and At operation 512 of FIG . 5 , a computation can be made 
electrical components under the control of computer or 55 ( e . g . , manually or automatically ) as to whether the target 
computing device readable and executable instructions or volume of the real - time video imaging substantially aligns 
code ( e . g . , the optimizer model 150 of FIG . 1 ) . The com - with the target volume of the planning image . If so , method 
puter or computing device readable and executable instruc - 500 can proceed to operation 514 . However , if at operation 
tions ( or code ) may reside , for example , in data storage 512 it is computed that the target volume of the real - time 
features such as computer or computing device usable 60 video imaging does not substantially align with the target 
volatile memory , computer or computing device usable volume of the planning image , method 500 can proceed to 
non - volatile memory , and / or computer or computing device the beginning of operation 512 . 
usable mass data storage . However , the computer or com - It is noted that operation 512 can be implemented in a 
puting device readable and executable instructions ( or code ) wide variety of ways . For example , at operation 512 , a 
may reside in any type of computer or computing device 65 manual monitoring can be implemented by a human ( e . g . , a 
readable medium or memory ( e . g . , like those found within therapist ) that is trained to watch the real - time video imag 
the computing system 100 of FIG . 1 ) . ing of the patient and determine when the target volume 
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substantially aligns ( e . g . , within a range of deviation ) with in any manner similar to that described and / or shown by the 
the intended target volume from the planning image ( e . g . , present disclosure , but is not limited to such . 
CT , MRI , or other medical imaging ) . In various embodi - Within FIG . 5 , operation 512 can be implemented utiliz 
ments , at operation 512 , an automatic monitoring can be ing a different visual representation than that shown within 
included using a computing system ( e . g . , 100 ) wherein one 5 FIG . 6 . For example , in various embodiments , a visual 
or more metrics are defined in order to compute when the representation can enable the “ drawing ” of a three - dimen 
target volume substantially aligns ( e . g . , within a range of sional volume around a target area or region of interest . 
deviation ) with the intended target volume from the plan Within that region of interest , the magnitude of the real - time 
ning image ( e . g . , CT , MRI , or other medical imaging ) . deformation vector - field can be summed in real - time result 

In various embodiments , operation 512 of FIG . 5 can be 10 ing in a metric ( e . g . , a number that is changing in real - time ) . 
When that number gets minimized ( or within a defined implemented utilizing a visual representation of the mapping range ) , a treatment beam can be triggered ( e . g . , at operation and alignment ( e . g . , within a range of deviation ) of the 514 ) . Note that operation 512 can be implemented in any real - time video imaging and the target volume of the plan manner similar to that described and / or shown by the present ning image ( e . g . , CT , MRI , or other medical imaging ) . For medical imaging ) . For 15 disclosure , but is not limited to such . example , FIG . 6 illustrates a visual representation 600 of the At operation 514 , a treatment is triggered which can 

sum of a real - time deformation vector - field with colors in include , but is not limited to , delivering a dose of radiation include but is not limited 
accordance with various embodiments of the present disclo therapy ( or ultrasound , etc . ) to the target volume within a 
sure . More specifically , the visual representation 600 illus fraction of a second ( e . g . , less than a second ) . Note that 
trates the sum of a real - time deformation vector - field with 20 operation 514 can be implemented in a wide variety of ways . 
colors guiding a human user ( e . g . , therapist ) to when the For example , at operation 514 , the entire treatment dosage of 
vector field magnitude is minimizing . Note that when the radiation therapy can be delivered to the target volume 
vector field magnitude is minimizing , the real - time video within a fraction of a second . In various embodiments , at 
imaging of the target volume substantially aligns ( e . g . , operation 514 , a fraction of the treatment dosage of radiation 
within a range of deviation ) with the target volume of the 25 therapy can be delivered to the target volume within a 
planning image . fraction of a second . In various embodiments , at operation 

It is noted that the visual representation 600 in various 514 , each beam can deliver a relatively high dose in a 
embodiments can include a deformation vector - field images relatively short period of time . For example , each beam can 
602 and a bar graph 606 . The visual representation 600 can deliver , but is not limited to , at least 0 . 01 grays ( Gy ) or 4 Gy 
be generated by doing a deformable image registration 30 in less than one second , and may deliver as much as 20 Gy 
where each voxel of the real - time video imaging will be or 500 Gy or more in less than one second ( sec ) . In various 
mapped to a voxel in the planning image and that voxel embodiments , at operation 514 , each beam can deliver , but 
mapping can be represented by deformation vector - fields is not limited to , greater than 4 Gy / sec , greater than 20 
604 as shown in the vector - field images 602 . It is pointed out Gy / sec , or greater than 40 Gy / sec . In various embodiments , 
that where there is a lot of change from one image to the 35 at operation 514 , each beam can deliver , but is not limited 
other is represented by long arrows or vectors 604 and where to , at least 1 Gy in 0 . 25 sec , at least 1 Gy in 0 . 05 sec , or at 
there is not so much is represented by small arrows 604 . least 1 Gy in 0 . 025 sec . It is noted that operation 514 can be 
Therefore , when the lengths of the arrows 604 get mini - implemented in any manner similar to that described and / or 
mized within a region of interest ( e . g . , target volume ) , the shown by the present disclosure , but is not limited to such . 
treatment beam can be triggered ( e . g . , at operation 514 ) . In 40 At operation 516 of FIG . 5 , an online ( or during treat 
addition , in various embodiments , the arrows 604 can be ment ) triggered treatment quality assurance can be per 
color coded where lighter colors indicate areas of higher formed . It is noted that operation 516 can be implemented in 
deformation between the images while darker colors indi - a wide variety of ways . For example , by acquiring the 
cate areas of less deformation , but is not limited to such . fluoroscopy during treatment at operation 516 , the 4D ( four 

Within FIG . 6 , in various embodiments , the bar graph 606 45 dimensional ) imaging information can be matched to the 4D 
illustrates the summing of the deformation vector - field in beam - time , lending itself to a 4D dose calculation . In 
each direction resulting in a quick activation of the magni various embodiments , this calculation can be summed in 
tude of how long those arrows are in the x , y , and z real - time at operation 516 for online quality assurance ( QA ) 
directions . Within the bar graph 606 , each of the x , y and z while the next beam is being delivered , allowing for 4D dose 
would include a bar 608 , 610 , or 612 , respectively , indicat - 50 tracking for each fraction in the course of treatment . Note 
ing how close the first image is to being aligned with the that operation 516 can be implemented in any manner 
second image ( e . g . , planning image ) . The shorter the bar , the similar to that described and / or shown by the present dis 
closer the two images are aligned . Conversely , the longer the closure , but is not limited to such . 
bar , the larger the two images are misaligned . In various At operation 518 , a computation can be made as to 
embodiments , the bars can each be color coded . For 55 whether the treatment has been completed . If so , method 500 
example , a red bar represents misalignment between the two can proceed to operation 522 . However , if it is computed at 
images , a yellow bar represents better alignment , and a operation 518 that the treatment has not been completed , 
green bar indicates an acceptable or desirable range of method 500 can proceed to operation 520 . Note that opera 
alignment between the two images . In various embodiments tion 518 can be implemented in a wide variety of ways . For 
of the bar graph 606 , it is noted that each of the x , y and z 60 example , operation 518 can be implemented in any manner 
would include a single bar 608 , 610 , or 612 , respectively , similar to that described and / or shown by the present dis 
that can change in real - time . closure , but is not limited to such . 
Note that the visual representation 600 may not include all At operation 520 of FIG . 5 , move to the next beam 

of the elements illustrated by FIG . 6 . In addition , the visual position or angle . It is noted that operation 520 can be 
representation 600 can be implemented to include one or 65 implemented in a wide variety of ways . For example , 
more elements not illustrated by FIG . 6 . It is pointed out that moving to the next beam position or angle at operation 520 
the visual representation 600 can be utilized or implemented can be implemented by rotating a gantry ( e . g . , 420 ) . In 
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various embodiments , moving to the next beam position at position of at least one target volume of the patient . Note that 
operation 520 can be implemented by rotating the patient . operation 702 can be implemented in a wide variety of ways . 
Note that operation 520 can be implemented in any manner For example , monitoring or continuously tracking ) the 
similar to that described and / or shown by the present dis real - time position of at least one target volume of the patient 
closure , but is not limited to such . After operation 520 is 5 at operation 702 can be implemented with , but is not limited 
completed , method 500 can proceed to the beginning of to , real - time fluoroscopic imaging , magnetic resonance 
operation 510 . imaging ( MRI ) , fiducial markers , cone beam computed 
At operation 522 , an offline ( or after treatment ) triggered tomography ( CBCT ) , digital tomosynthesis ( DTS ) , ultra 

treatment quality assurance can be performed . Note that sound , external markers , any form of visualizing internal 
operation 522 can be implemented in a wide variety of ways . 10 anatomy , surrogates of internal anatomy , 4D cone beam 
For example , by acquiring the fluoroscopy after treatment at resulting in a real - time video feed , and the like . It is noted 
operation 522 , the 4D imaging information can be matched that operation 702 can be implemented in any manner 
to the 4D beam - time , lending itself to a 4D dose calculation . similar to that described and / or shown by the present dis 
In various embodiments , this calculation can be summed for closure , but is not limited to such . 
offline quality assurance ( QA ) at operation 522 allowing for 15 At operation 704 , a computation can be made ( e . g . , 
4D dose tracking for each fraction in the course of treatment . manually or automatically ) as to whether the real - time 
In various embodiments , at operation 522 the offline trig . position of the at least one target volume substantially aligns 
gered treatment quality assurance can include checking , with the position of the corresponding at least one target 
making sure , and redelivering ( or replaying ) the dose com - volume of the planning image . If so , method 700 can 
putationally on the 4D image with the actual log files from 20 proceed to operation 706 . However , if at operation 704 it is 
the machine and verify the dose that was done . It is pointed computed that the real - time position of the at least one target 
out that this utilization of fluoroscopy for 4D dose tracking volume does not substantially align with the corresponding 
may be useful for standard radiation delivery schemes and at least one target volume of the planning image , method 700 
dose - rates . It is noted that operation 522 can be implemented can proceed to the beginning of operation 704 . 
in any manner similar to that described and / or shown by the 25 It is noted that operation 704 can be implemented in a 
present disclosure , but is not limited to such . After the wide variety of ways . For example , at operation 704 , a 
completion of operation 522 , method 500 can be ended . In manual monitoring can be implemented by a human ( e . g . , a 
this manner , method 500 can perform triggered radiation therapist ) that is trained to watch the real - time position of the 
therapy treatment in accordance with various embodiments at least one target volume and determine when it substan 
of the present disclosure . 30 tially aligns ( e . g . , within a range of deviation ) with the 

FIG . 7 is a flow diagram of a method 700 for performing corresponding at least one target volume from the planning 
triggered treatment ( e . g . , radiation therapy , ultrasound , etc . ) image ( e . g . , CT , MRI , or other medical imaging ) . In various 
in accordance with various embodiments of the present embodiments , at operation 704 , an automatic monitoring can 
disclosure . Although specific operations are disclosed in be included using a computing system ( e . g . , 100 ) wherein 
FIG . 7 , such operations are examples . The method 700 may 35 one or more metrics are defined in order to compute when 
not include all of the operations illustrated by FIG . 7 . Also , the real - time position of the at least one target volume 
method 700 may include various other operations and / or substantially aligns ( e . g . , within a range of deviation ) with 
variations of the operations shown . Likewise , the sequence the corresponding at least one target volume from the 
of the operations of flow diagram 700 can be modified . It is planning image ( e . g . , CT , MRI , or other medical imaging ) . 
appreciated that not all of the operations in flow diagram 700 40 In various embodiments , operation 704 of FIG . 7 can be 
may be performed . In various embodiments , one or more of implemented utilizing a visual representation of the mapping 
the operations of method 700 can be controlled or managed and alignment ( e . g . , within a range of deviation ) of the 
by software , by firmware , by hardware or by any combina - real - time position of the at least one target volume and the 
tion thereof , but is not limited to such . Method 700 can corresponding at least one target volume from the planning 
include processes of various embodiments of the present 45 image ( e . g . , CT , MRI , or other medical imaging ) in any 
disclosure which can be controlled or managed by a pro - manner similar to that described and / or shown by the present 
cessor ( s ) and electrical components under the control of disclosure , but is not limited to such . In various embodi 
computer or computing device readable and executable ments , it is noted that operation 704 of FIG . 7 can be 
instructions or code ( e . g . , the optimizer model 150 of FIG . implemented in any manner similar to operation 512 of FIG . 
1 ) . The computer or computing device readable and execut - 50 5 as described and / or shown by the present disclosure , but 
able instructions ( or code ) may reside , for example , in data is not limited to such . 
storage features such as computer or computing device At operation 706 , a treatment is triggered which can 
usable volatile memory , computer or computing device include , but is not limited to , delivering a dose of radiation 
usable non - volatile memory , and / or computer or computing therapy ( or ultrasound , etc . ) to the at least one target volume 
device usable mass data storage . However , the computer or 55 within a fraction of a second ( e . g . , less than a second ) . Note 
computing device readable and executable instructions ( or that operation 706 can be implemented in a wide variety of 
code ) may reside in any type of computer or computing ways . For example , at operation 706 , the entire treatment 
device readable medium or memory ( e . g . , like those found dosage of radiation therapy can be delivered to the at least 
within the computing system 100 of FIG . 1 ) . one target volume within less than a second . In various 

In various embodiments , note that the operations 502 , 60 embodiments , at operation 706 , a fraction of the treatment 
504 , 506 , and 508 of FIG . 7 can be performed similar to the dosage of radiation therapy can be delivered to the target 
operations 502 , 504 , 506 , and 508 of FIG . 5 as described volume within less than a second . In various embodiments , 
and / or shown by the present disclosure , but are not limited at operation 706 , each beam can deliver a relatively high 
to such . It is noted that after the completion of operation 508 dose in a relatively short period of time . For example , each 
of FIG . 7 , method 700 proceeds to operation 702 of FIG . 7 . 65 beam can deliver , but is not limited to , at least 0 . 01 Gy or 4 

At operation 702 of FIG . 7 , treatment of the patient begins Gy in less than one second , and may deliver as much as 20 
with monitoring ( or continuously tracking ) the real - time Gy or 500 Gy or more in less than one second ( sec ) . In 
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various embodiments , at operation 706 , each beam can treatment ( e . g . , radiation therapy , ultrasound , etc . ) in accor 
deliver , but is not limited to , greater than 4 Gy / sec , greater dance with various embodiments of the present disclosure . 
than 20 Gy / sec , or greater than 40 Gy / sec . In various The foregoing descriptions of various specific embodi 
embodiments , at operation 706 , each beam can deliver , but ments in accordance with the present disclosure have been 
is not limited to , at least 1 Gy in 0 . 25 sec , at least 1 Gy in 5 presented for purposes of illustration and description . They 
0 . 05 sec , or at least 1 Gy in 0 . 025 sec . It is noted that are not intended to be exhaustive or to limit the present 
operation 706 can be implemented in any manner similar to disclosure to the precise forms disclosed , and many modi 
that described and / or shown by the present disclosure , but is fications and variations are possible in light of the above 
not limited to such . teaching . The present disclosure is to be construed according 
At operation 708 of FIG . 7 , an online ( or during treat - 10 to the Claims and their equivalents . 

ment ) triggered treatment quality assurance can be per What is claimed is : 
formed . It is noted that operation 708 can be implemented in 1 . A radiation therapy method comprising : 
a wide variety of ways . For example , by acquiring the data loading a planning image of a target in a human ; 
( or information ) of the real - time position monitoring of the monitoring the position of said target ; 
at least one target volume during treatment at operation 708 , 15 computing an occurrence of substantial alignment 
it can be matched to the 4D beam - time , lending itself to a 4D between the position of said target and said target of 
dose calculation . In various embodiments , this calculation said planning image , said computing comprises utiliz 
can be summed in real - time at operation 708 for online ing a sum of a real - time deformation vector - field ; and 
quality assurance ( QA ) while the next beam is being deliv after said computing , triggering a beam of radiation to 
ered , allowing for 4D dose tracking for each fraction in the 20 deliver a dosage to said target in less than a second . 
course of treatment . Note that operation 708 can be imple 2 . The method of claim 1 , wherein said planning image 
mented in any manner similar to that described and / or comprises a magnetic resonance imaging ( MRI ) image . 
shown by the present disclosure , but is not limited to such . 3 . The method of claim 1 , wherein said monitoring 
At operation 710 , a computation can be made as to comprises performing fluoroscopy . 

whether the treatment has been completed . If so , method 700 25 4 . The method of claim 1 , wherein said planning image 
can proceed to operation 714 . However , if it is computed at comprises a computed tomography ( CT ) image . 
operation 710 that the treatment has not been completed , 5 . The method of claim 1 , wherein said triggering is 
method 700 can proceed to operation 712 . Note that opera - performed manually by a human . 
tion 710 can be implemented in a wide variety of ways . For 6 . The method of claim 1 , wherein said computing com 
example , operation 710 can be implemented in any manner 30 prises a visual representation of said sum of said real - time 
similar to that described and / or shown by the present dis - deformation vector - field . 
closure , but is not limited to such . 7 . The method of claim 1 , wherein said monitoring 
At operation 712 of FIG . 7 , move to the next beam comprises generating a real - time image of said target . 

position or angle . It is noted that operation 712 can be 8 . The method of claim 1 , wherein said computing com 
implemented in a wide variety of ways . For example , 35 prises a visual representation comprising a bar graph . 
moving to the next beam position or angle at operation 712 9 . A radiation therapy method comprising : 
can be implemented by rotating a gantry ( e . g . , 420 ) . In loading a planning image of a target in a human ; 
various embodiments , moving to the next beam position at monitoring the position of said target ; 
operation 712 can be implemented by rotating the patient . mapping said target in both said monitoring and said 
Note that operation 712 can be implemented in any manner 40 planning image ; 
similar to that described and / or shown by the present dis computing an occurrence of substantial alignment 
closure , but is not limited to such . After operation 712 is between the position of said target and said target of 
completed , method 700 can proceed to the beginning of said planning image , said computing comprises utiliz 
operation 702 . ing a sum of a real - time deformation vector - field ; and 

At operation 714 , an offline ( or after treatment ) triggered 45 after said computing , triggering a beam of radiation to 
treatment quality assurance can be performed . Note that deliver a fraction of a dosage to said target in less than 
operation 714 can be implemented in a wide variety of ways . a second . 
For example , by acquiring the data ( or information ) of the 10 . The method of claim 9 , wherein said planning image 
real - time position monitoring of the at least one target comprises a magnetic resonance imaging ( MRI ) image . 
volume after treatment at operation 714 , it can be matched 50 11 . The method of claim 9 , wherein said monitoring 
to the 4D beam - time , lending itself to a 4D dose calculation . comprises performing fluoroscopy . 
In various embodiments , this calculation can be summed for 12 . The method of claim 9 , wherein said planning image 
offline quality assurance ( QA ) at operation 714 allowing for comprises a computed tomography ( CT ) image . 
4D dose tracking for each fraction in the course of treatment . 13 . The method of claim 9 , wherein said triggering is 
In various embodiments , at operation 714 the offline trig - 55 performed manually by a human . 
gered treatment quality assurance can include checking , 14 . The method of claim 9 , wherein said computing 
making sure , and redelivering ( or replaying ) the dose com - comprises a visual representation of said sum of said real 
putationally on a 4D image ( for example ) with the actual log time deformation vector - field . 
files from the machine and verify the dose that was done . It 15 . The method of claim 9 , wherein said computing 
is pointed out that in various embodiments , this utilization of 60 comprises a visual representation comprising a bar graph . 
fluoroscopy ( or other position monitoring technique ) for 4D 16 . A radiation therapy method comprising : 
dose tracking may be useful for standard radiation delivery loading a planning image of a target in a human ; 
schemes and dose - rates . It is noted that operation 714 can be monitoring the position of said target ; 
implemented in any manner similar to that described and / or computing an occurrence of substantial alignment 
shown by the present disclosure , but is not limited to such . 65 between the position of said target and said target of 
After the completion of operation 714 , method 700 can be said planning image , said computing comprises utiliz 
ended . In this manner , method 700 can perform triggered ing a sum of a real - time deformation vector - field ; 
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after said computing , triggering a beam of radiation to 
deliver a dosage to said target in less than a second ; and 

after said triggering , performing quality assurance utiliz 
ing information associated with said monitoring . 

17 . The method of claim 16 , wherein said planning image 5 
comprises a magnetic resonance imaging ( MRI ) image . 

18 . The method of claim 16 , wherein said monitoring 
comprises performing fluoroscopy . 

19 . The method of claim 16 , wherein said triggering is 
performed manually by a human . 

20 . The method of claim 16 , wherein said computing 
comprises a visual representation comprising a bar graph . 


